Background Between 20% and 30% of patients with clinically diagnosed hypertension have normal blood pressure (BP) values during automated ambulatory 24-hour BP monitoring. It has not been clear, however, whether these patients can be regarded as normotensive or whether they should be treated in the same way as confirmed hypertensive patients.
T here is increasing emphasis on the importance of treating mild forms of hypertension.1 It can be difficult, however, to separate patients with mild hypertension from those with normal blood pressure (BP). Between 20% and 30% of patients with hypertension diagnosed in the physician's office have normal BPs when measured at home2 or when evaluated by 24 -hour ambulatory BP monitoring. [3] [4] [5] The terms white coat,3 office,4 and nonconfirmed6 hypertension have been used to describe patients who have high BPs in the office but normal values during whole-day monitoring.
Because the 24-hour BP values correlate more strongly than conventional measurements with evidence for hypertensive target organ changes,7-9 it has been suggested that individuals with white coat hypertension and normal 24-hour readings do not require antihypertensive management.10"'1 But it has not yet been clearly established that patients with white coat or nonconfirmed hypertension are, in fact, truly normal. These patients may have a tendency to increased BP variability throughout the day,12 and one study has shown that patients whose hypertensive BPs regressed to normal during follow-up office visits had greater echocardiographic left ventricular (LV) muscle mass than normotensive control subjects. 13 Moreover, in the community-based Tecumseh study,2"4 patients labeled as having white coat hypertension on the basis of high BPs in the office but normal self-measured values at home were found to be overweight, to have faster heart rates, and to differ from normotensives in their plasma measurements of lipid and glucose metabolism.
The aim of the present study was to prospectively compare individuals with white coat hypertension with both confirmed hypertensive patients and normal volunteers. White coat hypertension is defined by high clinic BPs but normal 24-hour values. Thus, comparison of white coat patients with the confirmed hypertensive patients was performed in matched pairs of patients with identical office values, whereas the comparison with normal control subjects was performed in pairs of white coat hypertensive patients and normal subjects matched for identical 24-hour BP values. The participants were selected within a narrow age and weight range, thus avoiding the effects of age and weight differences among the groups. Moreover, hypertensive patients in the study had either never been treated for hypertension or had been free of treatment for at least 6 months. Our Heart Rate There were no significant differences among the study groups in office heart rate. The values in the nonconfirmed hypertensive patients and the normal control subjects were 71.0+8.5 and 68.2±8.0 beats per minute (bpm), and for the nonconfirmed and confirmed hypertensive patients they were 70.0±8.4 and 70.6±9.1 bpm. The respective 24-hour averages were 72.4±10.9 and 69.4+9.9 bpm, and 71.9+ 10.5 and 74.4+9.4 bpm. These differences were not significant. The indexes of variability during the 24-hour monitoring period were as follows: the means of the maximum hourly differences (difference between highest and lowest hourly heart rate averages during the 24-hour period) were 65±26 and 56±21 bpm in the nonconfirmed groups (NS). The mean±SDs of heart rates within each of the groups were, respectively, 11.0±3.9 and 9.7±2.7 (P<.05), and 10.6±3.0 and 9.8±3.1 (NS). There were no significant differences among the groups for other historical or physical examination findings. A family history of hypertension (as reported in a first-degree relative) occurred in 27 of the 40 white coat hypertensive patients and in 18 of the 40 normal control subjects. In the comparison between the nonconfirmed and confirmed hypertensive patients, positive family histories were reported in 34 of 51, and 27 of 51, respectively. Changes in the optic fundi, defined as Keith-Wagner-Barker grade I or higher, were observed in 16 of 40 nonconfirmed hypertensive patients and 9 of 40 normal control subjects; in the nonconfirmed and confirmed hypertensive patient comparison, fundal changes were observed in 19 of 51 and 28 of 51 patients, respectively. Cardiac Measurements Fig 1 shows the principal measurements obtained with Doppler echocardiography in the matched pairs of normal control subjects and nonconfirmed hypertensive patients, and the nonconfirmed hypertensive patients and true hypertensive patients. LV septal thickness was significantly greater in the nonconfirmed hypertensive patients than in the normal control subjects, but there was no difference between the nonconfirmed and true hypertension groups. Posterior wall thickness (not shown in Fig 1) was not different within either of the two matched pairs. LV muscle mass indexed for body surface area tended to be higher in the nonconfirmed hypertensive patients than in the normal control subjects (P=.1). There were no differences in LV mass when the nonconfirmed and true hypertensive patients were compared. The ratio of late to early atrial filling (A/E ratio), as measured by Doppler flow, was not different between the nonconfirmed hypertensive patients and the control subjects; however, it was significantly greater in the patients with true hypertension than in the nonconfirmed group, indicating a greater dependency of diastolic filling on the late atrial phase. jects; triglycerides also tended to be higher, but the difference did not reach statistical significance. There were no differences in any of these measurements between the nonconfirmed and the confirmed hypertensive patients. There were no differences in high-density lipoprotein cholesterol levels (not shown in the Figure) between the nonconfirmed hypertensive patients and normal subjects (48±11 and 53±16 mg/dL) or between the nonconfirmed and confirmed hypertensive patients (50±11 and 50±16 mg/dL volunteer groups, respectively, baseline systolic BP was 141±17 and 128±15 mm Hg, and the maximum changes during exercise were 56±18 and 60±17 mm Hg. For diastolic BP, baselines were 91±8 and 81±8 mm Hg, and the increases during exercise were 5.9+8.4 and 3.2±8.7 mm Hg. For the matched comparison between the nonconfirmed and confirmed hypertensive patients, the baseline systolic BPs were 143±15 and 143±18 mm Hg, and the exercise-induced increases were 55 ± 18 and 61 ± 17 mm Hg. For diastolic BP, the baselines were 91±8 and 93± 10 mm Hg, and the maximum changes during exercise were 6.3 ±8.7 and 3.0± 9.4 mm Hg.
Correlations
To determine whether neuroendocrine factors, specifically, the renin-angiotensin-aldosterone system (plasma renin activity or aldosterone) or the sympathetic nervous system (norepinephrine) might have contributed to the differences in metabolic and cardiac measurements observed between nonconfirmed hypertensive patients and the other groups, correlations were calculated for the relations between plasma renin activity, plasma aldosterone, or plasma norepinephrine with measurements of cholesterol, triglycerides, LV wall thickness, and LV muscle mass. There were no significant correlations between plasma renin activity and any of the other metabolic or cardiac variables. However, as shown in Table 2 , plasma aldosterone concentrations correlated significantly with LV muscle mass within the nonconfirmed hypertension group, although not in any of the other groups. Similarly, plasma norepinephrine concentrations correlated with both total cholesterol and triglyceride concentrations within the nonconfirmed hypertension group but not within either of the other study groups.
Discussion
Previous reports that have characterized nonconfirmed or white coat hypertension have concluded that patients with this condition can be regarded as normotensive.4,5,10"11 In the present study, however, patients with white coat hypertension were found to differ from normal control subjects in some key respects. Specifically, patients with this condition were found to have increased activity of both the renin-angiotensin and sympathetic systems and to have higher plasma lipid and insulin levels than normal control subjects. Moreover, there were trends toward increased wall thickness and muscle mass of the left ventricle. Thus, despite their normal 24-hour BP values, these patients appeared to have the spectrum of clinical features typically associated with established hypertension. 25 It has been suggested that patients with white coat hypertension might have increased BP responsiveness to stress or other stimuli during their routine daily activity.12 In this study, we also noted a tendency for both short-term and long-term BP variability throughout the day to be greater in the white coat hypertensive patients than in the normal control subjects. Increased BP variability previously has been linked to high renin levels,26 a finding consistent with our present observation that plasma renin activity was higher in the white coat patients than in the other groups. Although the actual increase in variability in these patients was not very striking, it could be argued that even modest changes over the course of a lifetime could produce cardiovascular effects. Indeed, long-term follow-up of patients with heightened BP reactivity in the clinical environment has shown an increased susceptibility to coronary events,27 perhaps reflecting the metabolic and cardiovascular changes we have observed in nonconfirmed hypertensive patients.
Other investigators have suggested that awareness by patients of a recent diagnosis of hypertension can produce an alerting reaction associated with increased resting heart rate and enhanced responses of heart rate and plasma catecholamines to mental stress stimuli in the clinic setting.28 Such a mechanism could partly explain the differences in the present study between the white coat hypertensive patients and the normal control subjects. Office heart rates in the white coat group were identical to those in the established hypertensive patients and were slightly higher than in the normal subjects. This difference, however, was also observed for the full 24-hour monitoring period, and there was evidence for a greater variability in heart rate as well as in BP throughout the day. This indicates a sustained tendency to a heightened hemodynamic responsiveness in the white coat hypertensive patients that is additional to the effects of an awareness-alerting reaction. Shortterm BP responses to treadmill exercise in white coat hypertensive patients were not different from those in either normal control subjects or established hypertensive patients. Other investigators, using different forms of physical and physiological stimuli, have also concluded that heightened BP reactivity to physical stress is not a primary characteristic of patients with white coat hypertension. 29 Increased LV wall thickness and muscle mass measured by echocardiography are used as indexes of by guest on January 15, 2018 http://circ.ahajournals.org/ Downloaded from hypertensive cardiac changes.7-9 Previous studies that divided hypertensive patients into confirmed and white coat hypertensive subgroups reported that echocardiographic measurements in the white coat patients were essentially normal and thereby different from those in patients with confirmed hypertension.4,10 But in the present study, LV wall measurements in the white coat group tended to be different from those in the normal control subjects, and to be more similar to those in the confirmed hypertensive patients. A factor in providing the sensitivity to observe these differences might have been our selection of hypertensive patients who, for the most part, had not previously received antihypertensive drugs that could have affected LV wall thickness and mass. Doppler measurements of LV diastolic function in the white coat group were similar to those in the normal subjects but were different from those in the confirmed hypertensive patients. Thus, the cardiac findings in the white coat patients differentiate them both from normal subjects and from confirmed hypertensive patients.
The mechanisms underlying the metabolic and cardiovascular changes in the white coat hypertension group have not been defined, but increased activity of the sympathetic and renin-angiotensin-aldosterone systems might play a part in mediating these findings. Plasma 
